Summary. Oestradiol-17\g=b\ was measured in plasma and follicular fluid by a radioimmunoassay validated for the tammar. Plasma was sampled from the peripheral circulation and both utero-ovarian veins to assess the contribution of oestradiol from the corpus luteum in one ovary and from the Graafian follicle in the other during late pregnancy, parturition, post-partum oestrus and ovulation. Concentrations of oestradiol in the peripheral plasma and in the vein draining the CL remained < 5 pg/ml on all days except the day of parturition, when they were 12\m=.\7 pg/ml and 14\m=.\3 pg/ml respectively. Mean oestradiol concentration in the vein draining the Graafian follicle was significantly higher than the mean peripheral concentration on Days 24\p=n-\27.The highest average concentration (36\m=.\5pg/ml) occurred on Day 27 coincident with parturition and before oestrus. These latter concentrations were significantly correlated with the concentration and total oestradiol in the fluid of the preovulatory Graafian follicle (r = 0\m=.\73and r = 0\m=.\82 respectively), thus providing strong evidence that the Graafian follicle is the main source of oestradiol in the peripheral circulation at this time.
Introduction
The tammar, Macropus eugenii, is a monovular, polyoestrous marsupial in which gestation is less than 1 day shorter than the oestrous cycle. Post-partum oestrus generally occurs 8 h after birth of the single young (Tyndale-Biscoe, Hinds, Horn & Jenkin, 1983) , and ovulation occurs about 30 h later from the ovary opposite that bearing the corpus luteum (CL) of pregnancy (Evans, Tyndale-Biscoe & Sutherland, 1980) . Changes in the concentration of progesterone in the CL (Young & Renfree, 1979) and peripheral plasma during the peri-partum period have been reported (Hinds & TyndaleBiscoe, 1982; Tyndale-Biscoe et al, 1983) and it is clearly established that the CL is the main source of progesterone (Findlay, Ward & Renfree, 1983) . Less is known about oestrogen during this period in the tammar or other marsupials. Harder & Fleming (1981) measured highest levels of oestradiol-17ß in the peripheral plasma of the opossum, Didelphis virginiana, during pro-oestrus, and Flint & Renfree (1982) found peak levels of 16 pg oestradiol-17ß/ml in plasma of tammars shot on Kangaroo Island during the peri-partum period, compared to levels of 5-10 pg/ml during earlier phases of gestation. Shaw & Renfree (1984) confirmed these levels in captive tammars bled sequentially during the peri-partum period. They also detected a transient pulse of oestradiol at Day 5 of pregnancy coincident with the pulse of progesterone that occurs on Day 5 or 6 (Hinds & Tyndale-Biscoe, 1982) . The CL may be the source of the early pulse of oestradiol, given that Renfree, Flint, Green & Heap (1984) detected it in quiescent CL. However, Renfree et al (1984) and Shaw & Renfree (1984) found negligible quantities of oestradiol in CL of late pregnancy, and so the CL is unlikely to be the source of the peri-partum rise in peripheral plasma oestradiol concentrations. Because the single ovulation occurs from alternate ovaries in the tammar, the separate contributions of the CL Assay of oestradiol-17ß
Duplicate 0-5 ml plasma samples were diluted with 0-5 ml distilled water in glass-stoppered Quickfit tubes and held in a waterbath at 85°C for 3 min. Samples were treated in this manner to denature protein in female tammar plasma that binds oestradiol with high affinity (Shaw & Renfree, 1984) . Unless this was done recovery of [3H]oestradiol was low and inconsistent (10-60%).
Included in each extraction were duplicate 0-5 ml samples of assay buffer, tammar plasma treated with charcoal (50 mg/ml) to remove steroids, plasma from ovariectomized-adrenalecto-mized tammars, plasma with added oestradiol (2-5-100 pg; Sigma Chemical Co, St Louis, MO, U.S.A.), and plasma pooled from the unknown samples containing 30 000 c.p.m.
[3H]oestradiol-17ß for correction of procedural losses. Extraction was accomplished with 15 min of vigorous machine shaking of the cooled samples with 4 ml peroxide-free diethyl ether. After centrifugation, the extraction tubes were immersed in a solid C02-ethanol bath to snap freeze the plasma. The ether layer was then poured directly into assay tubes (12 175 mm, glass) and dried under N2.
The radioimmunoassay was adapted from those of Powell & Stevens (1973) and Butcher, Collins & Fugo (1974) . The antiserum to oestradiol-17ß, provided by Dr R. I. Cox, Hormone Assay Group, CSIRO, Prospect, New South Wales, was raised against oestradiol-17ß-6-CMO-BSA in sheep (lot 6181). It was highly specific; cross-reactivity relative to oestradiol-17ß was 1% for oestrone, oestradiol-17a and oestriol, and <0T% for testosterone, androstenedione, progesterone, 17a-hydroxyprogesterone and cortisol. The antisera, diluted 1:80 000, bound 50% of 15 pg [2,4,6,7,16,17-3H] oestradiol-17ß(sp. act. 140 Ci/mmol: Amersham International Ltd, Bucks, U.K.) used in the assay. Duplicates of standard solutions containing 0,1,2-5,5,10, 25, 50,100 and 250 pg oestradiol-17ß in 0-2 ml assay buffer (0-1 M-phosphate-buffered saline containing 0-1% NaN3 and 0-1% gelatine, pH 7-2) were included in each assay. Dried extracts were redissolved in 0-2 ml assay buffer. Antisera (1:80 000) and 15 pg [3H]oestradiol-17ß, each in 01 ml assay buffer, were added to each tube and mixed thoroughly. The assay tubes were held at 35CC for 5 min before being transferred to an ice-water bath for a 4-h incubation at 4°C. Free and bound steroids were separated by mixing with 0-4 ml cold dextran-coated charcoal suspension (0-625% Norit A and 0-0625% Dextran T-70). The tubes were held at 4°C for 20 min and then centrifuged at 800 # for 15 min at 4°C. The supernatant was decanted into 10 ml scintillation fluid (42 ml Liquifluor and 150 ml dioxan in 1 litre toluene), mixed thoroughly and allowed to stand for 4 h before the radioactivity in the samples was recorded on a scintillation spectrometer. Oestradiol values were calculated with logit transformation and the weighted linear regression analysis of Rodbard, Bridson & Rayford (1969) . Regression analyses and Student's t tests were calculated according to Steel & Torrie (1960) . All means are presented +1 standard error of the mean (s.e.m.).
Validation of assay
The sensitivity of the assay was 2-5 pg/ml, i.e. the smallest amount of measurable steroid that was significantly different (P < 0-05) from zero. Extracts of 0-5 ml plasma from adrenalectomizedovariectomized tammars and charcoal-treated plasma, included in each assay to estimate the solvent and plasma blank, averaged 7-5 ± 0-4 and 6-2 ± 0-3 pg per tube respectively, in 16 assays. The mean recovery of [3H]oestradiol-17ß, equilibrated with plasma oestrogens before extraction, was 81-6 ± 1 -0% (n = 102). Calculation of oestradiol in samples involved subtraction of the plasma blank for adrenalectomized-ovariectomized tammars and correction for procedural losses. An interassay coefficient of variation of 15-3% was determined from repeated measurements of the same plasma pool (28-6 ± 1-4 pg/ml) in 10 assays. Intra-assay coefficient of variation was 3% at 12-8 pg/ml (n (Table  1) , which is the usual frequency (Renfree & Tyndale-Biscoe, 1973) . Unfortunately, 4 of these animals were selected by chance on Day 26, which is the expected day of parturition (Merchant, 1979 (1983) .
Concentrations of oestradiol-17ß in peripheral plasma of tammars sampled on all days except Days 27 and 28 averaged less than 5 pg/ml and did not exceed 9 pg/ml in any sample (Text- fig. 1 ). However, females sampled on Day 27 had significantly elevated concentrations of 12-7 + 3-3 pg/ml (P < 005). Oestradiol levels in utero-ovarian venous plasma from the ovary with the CL were similar to those in peripheral plasma in pregnant and post-partum females, including elevated concentrations on Day 27 (Text- fig. 1 ).
By contrast, the mean oestradiol concentration (26-6 + 6-5 pg/ml) in utero-ovarian venous plasma from the ovary with the follicle, collected on Days 24-27 was significantly higher (P < 0-05) than that (6-8 +1-8 pg/ml) from the CL side. This comparison was not possible on Day 28, and on Day 29 the difference was not significant (Text- fig. 1 ). The highest mean concentration occurred on Day 27 but the large variances reflect the fact that only some animals had concentrations > 10 pg/ml on each day (Table 1 ). This might indicate that secretion of oestradiol from the ovary bearing the follicle is only transiently elevated and that the elevation might be closely related to the time of parturition. The highest concentration (104 pg/ml) was observed in an animal sampled immediately post partum when both uteri were still contracting. Lower values (33-8 pg/ml) were measured in plasma of another animal collected <6 h after birth and still lower (8-8 pg/ml) in another sampled 12-18 h after parturition. Ovaries were collected immediately after the utero-ovarian venous samples were taken, and it was therefore possible to examine the preovulatory follicle as the source of oestradiol. Follicular diameter increased from 2-9 mm on Day 23 to 4-3 mm on Day 27 (Table 2 ) and 4-1 mm for the remaining follicles on Days 28 and 29 ; follicular diameter and the weight of follicular fluid were significantly correlated (r = 0-84). The concentrations of oestradiol in follicular fluid showed only modest increases from Day 23 to 27, but the total content of oestradiol in the Graafian follicles fig. 2 ).
Discussion
The pattern of oestradiol in peripheral plasma seen in our tammars, with a transient rise to 12-7 pg/ml immediately after parturition, was very similar to the pattern in wild tammars on Kangaroo Island, in which the values in animals shot near the time of parturition were 15-20 pg/ml (Flint & Renfree, 1982) . Shaw & Renfree (1984) followed the changes in oestradiol and progesterone in peripheral plasma through the peri-partum period and concluded that the rise in oestradiol was not associated with parturition but only with oestrus. Our study did not provide timed, serial samples, but the peak in peripheral oestrogen and that from the utero-ovarian vein occurred on Day 27, coincident with parturition, and had declined a day later when most females mated. This was similar to the American opossum (Didelphis virginiana) in which peripheral levels of oestradiol reached a peak of 23 pg/ml 2 days before oestrus and then dropped to 9 pg/ml at oestrus (Harder & Fleming, 1981 ). In a previous study (Tyndale-Biscoe et al, 1983) progesterone was shown to decline precipitately at parturition, and it was suggested that the onset of post-partum oestrus might be initiated as a result of a change in the ratio of progesterone to oestrogen. In the present studies progesterone from the ovary bearing the CL declined from 3 ng/ml on Day 26 to < 1 ng/ml on Day 27 (L. A. Hinds & C. H. Tyndale-Biscoe, unpublished results), which would support this suggestion which is known to apply to certain other mammals (Liggins, 1982) .
The only study of oestradiol in peripheral plasma of another species of macropodid marsupial is that of Walker & Gemmell (1983) . They reported much higher oestradiol levels (57-266 pg/ml) in pregnant and parturient Tasmanian Bennett's wallabies (Macropus rufogriseus rufogriseus), but they did not detect any changes in oestradiol concentrations in serial blood samples collected throughout the time of parturition.
Our results clearly show that the major source of circulating oestradiol-17ß in the tammar is the ovary with the large preovulatory follicle. Concentrations in the utero-ovarian vein draining the follicle ovary were 3-10 times above those in plasma from the contralateral vein or the peripheral circulation (P < 0-05). For comparison, the average ovarian vein concentration of oestradiol (66-8 pg/ml) during the oestrous cycle of Finn ewes was 22-56 times that of peripheral concentrations (Scaramuzzi & Land, 1978) and in women during the late follicular phase of the menstrual cycle it was approximately 25 times higher than that in the peripheral circulation (Peters & McNatty, 1980) . The lower ratio in tammars is understandable because ovarian venous secretions in the utero-ovarian vein are diluted with plasma from the non-pregnant uterus.
The average concentration of oestradiol-17ß in follicular fluid of ovaries collected from post¬ partum tammars just before ovulation (66 ng/ml) was much lower than that (1570 ng/ml) in large follicles collected during the late follicular phase of the menstrual cycle of women (McNatty et al, 1976) but similar to the range of 20-300 ng/ml measured in sheep follicular fluid (McNatty, Dobson, Gibb, Kieboom & Thurley, 1981) . The ratio of oestradiol concentration in peripheral plasma to that in follicular fluid ranged from 1:5000 to 1:27 000 in tammars, similar to ratios calculated from published values for ewes (Scaramuzzi & Land, 1978; McNatty et al, 1981) and women (Peters & McNatty, 1980) .
The correlation of oestradiol concentration in follicular fluid and utero-ovarian venous plasma provides additional evidence that the preovulatory follicle is the major secretory source of oestradiol during late gestation and pro-oestrus. Increases in utero-ovarian venous concentrations were exponential relative to follicular fluid concentrations. This necessitated logarithmic transformation of the former for linear regressional analysis. The highest oestradiol concentrations (35 pg/ml) in the utero-ovarian venous plasma were associated with follicular fluid concentrations > 100 ng/ml. This could mean either that high levels of oestradiol in the utero-ovarian vein are dependent on high levels in the follicle or that high levels in the follicular fluid only reflect high secretion rates into the ovarian vein. The latter is perhaps more likely. McNatty et al (1981) con¬ cluded that > 90% of the oestradiol produced by large follicles in ewes entered the blood stream without first accumulating in follicular fluid.
